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RADIATION PROTECTICN CRITERIA AND STANDARDS, THEIR BASIS AND USES
AT ATOMIC ENERGY FACILITIES OPERATED BY UNION CARBIDE CORPORATION

by Clark E. Center
Vice President, Union Carbide Nuclear Company
PART I. OVER-ALL ACTIIVITIES
INTRODUCTICN

This is a brief summary review of the radiation protection
practices at the production and laboratory facilities operated by
the Union Carbide Corporation for the Atomic Energy Commission,
with particular reference to use of applicable standards. This
Corporation is one of the oldest and largest of the AEC contractors,
having operated continuously since 1943, and presently employs
over 15,000 people in its contractor operations.,

In the production operations, uranium materials are enriched
in the uranium-235 isotope and this pfoduct is subsequently
processed for designated uses; these activities are carried out
in the Oak Ridge Gaseous Diffusion Plant and the Y-12 Plant at
Oak Ridge, Tennessee, and in the Paducah Gaseous Diffusion Plant
at Paducah, Kentucky. The Oak Ridge National Laboratory is
engaged in extensive basic and applied research programs producing
and using & wide variety of atomic materials. Practically every
type of radiation hazard in the atomic energy industry exists to
a greater or less extent in the Union Carbide operations, and the
protection of employees has always been a recognized policy of the
Corporation.

Radiation protection at the Oak Ridge National Laboratory

This document been approved for release
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includes consideration of various research and pilot plant

reactor operations as well as other experimental work involving
radioactive materials, primarily beta~gamma emitters. In addition
to the necessity for personnel protection at the labbratory itself,
significant efforts are also necessary for adequate disposal of
radioactive wastes to meet applicable criteria for protection of
the general plant environs.

In production operations, uranium enters as a purified uranium
oxide which, through several processing steps, is fluorinated to
UFg. This gaseous material is then passed through the complex of
gaseous diffusion cascades wherein it is enriched in the
U-235 isotope. This U-235-enriched uranium is then processed into
various forms of finished materials, including oxides and metals,
for appropriate usage.

Routine considerations of radiation protection at these
production plants are thus primarily concerned with the possibility
of internal exposure from the alpha-emitting uranium. However,
there is also the possibility that high levels of penetrating
radiation can result from an accidental critical mass excursion,
and there are comparatively minor considerations of routine exposure
to beta-gamma radiation from uranium daughters and from tracé
quantities of other radioactive isotopes encountered in the re-
processing of uranium from the spent fuel of various power and
production reactors. Waste disposal and environmental protection,
although carefully and adequately controlled, represent compara-

tively minor portions of the over-all control programs.
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STANDARDS

The permissible radiation exposure limits used are those
established by the National Committee on Radiation Protection
as given primarily in NBS Handbooks 59 for external exposure
and 69 for internal exposure. These specify standards for in-
ternal body deposition of radioactive materials, exposure to
external penetrating radiation, and the environmental contamina-
tion of ‘air or water by radioactive materials. The Union Carbide
plants have played a significant part in the determination of
these permissible values, both by direct experimental and theo-
retical work and by participation of their employees in the
activities of the various committees, In addition, experimental
and theoretical work at these plants has permitted the determina-
tion and use of correspondingly safe limits for uranium dust

~contamination of hands, clothing, and work surfaces as well as
providing very conservative values for relating urinary uranium
excretion rates to possible body deposition. The Union Csrbide
plants have also beén active in the design of radiation detection
instrumentation to provide as accurate information as possible
concerning both environmental conditions and possible personnel
exposures.

Although the radiation exposure monitoring techniques used
by the various plants are basically similar, and their criteria
for specifying actual exposures are based on applicable standards,
their administrative methods for seeing that employee exposures

do not exceed the maximum permissible limits are designed to best
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fit the particular administrative and technical activities of the
individual plant. In some cases, these may involve action points
at control levels below the permissible limits, and such controls as
limitation of employees' work activities may be involved. The
selection of such control values and the actions specified are based
upon considerations of convenience, economy, operational efficiency,
or other factors. In many cases, it has been found entirely feasible
to control exposures or environmental levels to values much below
the nationally recognized permissible levels; however, meeting these
permissible levels continues to form the basis of the radiation control
program,
ADMINISTRATIVE AND CRGANIZATIONAL ACTIVITIES

Safety has always been recognized as an integral and important
part of the efficient operation which has characterized Union Carbide
~operations. Hence, all of the plants have the basic philosophy that
each member of the line organization, which includes all employees, has
the prime responsibility for the prevention of injury or radiation
exposure commensurate with his responsibility for production or other
operational activities. Adequate supplies of radiation detection
instruments are maintained, and, in general, each employee th can
come in contact with penetrating radiation or radioactive materials may
be expected to use these instruments for his own protection and that
of the employees he supervises., Training in such use is, of course,
provided. Appropriate radiation and contamination markers are made
available for the purpose of identifying radiation field boundaries
or to provide other precautionary information.

In addition to line organizational activities, staff
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groups have been established at each of the plants to provide
technical information and assistancej to make periodic reviews,
including inspections and audit checks of plant and organizational
activities for management; and to provide certain appropriate
services, such as film meter processing and consequent evaluation
of possible personnel exposures to radiation. Also included in
the activities of these groups are thorough design and pre-
operational analyses and evaluations of the radiation protection
aspects of proposed facilities and operations, periodic environ-
mental checks of plant activities and equipment, and the evaluation
of fhe data thus provided for the use of the line organization,
including management. In addition, various service groups, such
as those of engineering, laboratory, and maintenance, provide
specialized services peculiar to their own type of operations.
~As a part of their over-all health and safety programs, each
plant also maintains adequate medical facilities and staff,
with periodic and special health examinations forming a part
of the medical attention provided employees. As with con-
ventional medical practices, the health aspects of radiation,
including evaluations of clinical findings, are discussed with
employees, and any results of the personnel radiation monitor-
ing programs, as they may involve an employee, are made available
to him. |
PERSCNNEL MONITORING

All employees whose work may be expected to bring them into

contact with external penetrating radiation are issued film




- T-5

badges which are read and evaluated on an appropriate schedule.

In addition, "visitor" badges are available for other personnel
who may enter these locations, and their use required.

Employees working in locations where exposure to alr-borne
radioactive materials is possible are given periodic urinalyses
both to check the adequacy of control activities and to evaluate
the possibility that internal exposures are occurrings similar
checks are made after any indicated exposure resulting from
material releases or other sources. An in-vivo body counter
for the evaluation of internal material deposits of
U-235-enriched uranium has also been established.

In all usage of personnel exposure data, the resulting
actions are based upon comparisons to recognized permissible
limits or plant control limits, with major attention given to
_seeing that exposures or environmental conditions do not exceed
nationally recognized limits.

ENVIRONMENTAL MONITORING

The air in locations subject to significant contamination
by uranium or other radioactive materials is routinely and
continuously monitored on a shift-length basis. In addition,
short-term samples are taken for specific jobs as a part of
routine audit and inspection activities in various plant
locations,

Measurements of alpha activity upon floors and various
work surfaces are made to evaluate any changes in radiation

problems in various locations concerned and to determine




the effectiveness of control measures. Similarly, audit in-
spections may include checks not only of conditions and locations
where penetrating radiation and radioactive contamination can be
expected, but also of employees' hands, clothing, tools, etc.,

as well as office facilities and similar locations where
radiation or contamination by radiocactive matefials is normally
not anticipated.

A continuing check is also maintained by the production

‘plants upon the small quantities of uranium or other radiocactive
materials released to the environs. At ORNL

as at other reactor locations, disposal of the high-radiation-level
wastes at levels not exceeding the permissible values requires
major control activities. This includes routine control of both
liguid and gaseous wastes, adequate measurements thereof, and due
.considerations for possible emergency control.

EDUCATICN

The training programs at all of the plants have been

designed to acquaint employees, as necessary and appropriate,
with the facts concerning radiation hazards, applicable limits,
and proper protective methods, especially as their own jobs

are concerned. In addition, the various plant organizations

have prepared both technical and administrative information

concerned with radiation protection for the information and

useé of plant personnel.
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EXPERIENCE - 1959

ll

There were no indicated exposures above 12 rem for the year and
no additional exposure was received by any of the six employees
whose exposures above permissible limits as a result of incidents
during preceding years has necessitated annual "averaging" to
meet the 5 rad/year average lifetime (since age 18) exposure.
The best available monitoring techniques indicated that no
employees had the possibility of internsl body deposits of the
order of the respective maximum permissible limits for the radio-
nuclides of concern.

Only ORNL had considerations of radioactive materials release

to the environment at levels which were significantly above
background; this resulted in a maximum average activity in local
streams of only some 25% of the applicable maximum permissible
limits for drinking water. In addition, the highest average

air activity measured in the neighborhood of the plant was

only some 2% of the permissible levels. Corresponding releases
by the other Union Carbide plants had negligible effects upon

the environment.

COSTS OF RADIATION PROIECIION

1.

Routine Operations

Annual routine operating costs of radiation protection at the four
Union Carbide plants amount to some $1,610,000, which is about
$106 per plant employee and some 0.5% of the total operating costs
of these facilities. Such cost figures include only the labor

and support expenses of those personnel whose principal responsi-

bility is specifically connected with the radiation protection
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programs of the various plants., Various items of capital costs,
research expenditures, and incidental or "fringe benefit" types
of costs are excluded from these figures although it is recognized
that these latter items alone may veiy easily result in total
expenses above the figures quoted.
Estimates of Additional Costs Resulting From Changes in the
Maximum Permigsible Limits.
An ability to maintain exposures at the current maximum permissible
limits, which are essentially thqse which have been in effect for
some 10-15 years although-there have been minor changes, has been
built into plant equipment and operations. The success of these
efforts in limiting exposures to these permissible values is
indicated by the small number of exposures and potential exposures
above the respective permissible limits which have been determined.

In many instances, this built-in protection has resulted in
significant capital expenses which would not have been necessary
had the permissible limits not been as low as was the case at
the time of construction. Hence, were it established that the
limits could be safely raised by a significant factor, the
principal resultant saving would be that of routine operating
expense, and this would be comparatively small., However,
significant savings could be realized in the design and operation
of a new facility where these hypothetical higher limits were
in effect. These savings would appear both in smaller direct

capital costs of construction and in the lower cests associated
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with the design, development, and installation of the highly
specialized devices which have been found necessary to limit
personnel exposure to penetrating radiation or to control the
release of radioactive materials in the plant environment.
In many cases, these requirements have resulted in specially-
constructed and correspondingly expensive items ;f equipment to
perform routine operations, such as valving. No attempt has
been made to evaluate these potential savings.

On the other hand, a reduction in the permissible limits by
a factor of 10 would result in significant expenses and almost
prohibitive difficulties in operation. In many cases, attempts
to meet such limits would probably necessitate rather complete
redesign of equipment. TFor example, there are some operations
wherein measurements show that the release of uranium materials
to the air can be adequately controlled at current maximum
permissible limits during maintenance operations involving
opening the system to the general building environment. However,
were the air contamination limits to be reduced by a factor of
10, such maintenance would probably require dry-box-type
controls. Similarly, there are maintenance-type operations in
the laboratory wherein it has been found feasible to use time-
of-work limitations of personnel exposure;s a reduction of
permissible limits would §robably mean that an expensive remote-
control type of maintenance would be necessary. In some

instances, operating changes of the types mentioned would be
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impossiblie in present equipment locations so that entirely new facilities
may be required,

The effect of such a change in permissible limits upon personnel activites
is obviously difficult to evaluate. It could, for example, mean the regular
use of protective devices; such as respiratory protection units during

essentially all of a work period; it could also result in the need for special
decontamination techniques. In fact, the high additional capital costs
associated with such changes in the limits, as well as the operational diffi-
culties envisaged; may make plans for more extensive automation of operations
an attractive alternative to present methodss this could result in a decrease
in manpower requirements and a consequent reduction in certain iypes of
operating expense,

Due to the fact that many of these limits would be near background or the
limit of c&irent instrument sensitivity, considerably greater care in monitor-
ing techniques; instrument maintenance, and analytical methods could result if
obtaining the necessary data proves feasible. Certainly; the precision of
determination of the factors concerned would be considerably lessened.

An order-of-magnitude estimate of some of the costs which might be in-

volved in a reduction of permissible limits by a factor of 10 is indicated
below for the capital expense of certain limited operations in the various

Union Carbide facilitiess it should be emphasized that these figures do not

refer to the total costs to the plants of such a change but only to capital
costs of a few operations which are relatively isolated and which use stand-

ardized techniques so that an evaluation of this type is relatively feasible.

UFg Manufacture $2,000,000
Liquid Waste Disposal - $1,500,000

Enriched Uranium Recovery - $3,000,000



CONCLUSICKS

Based upon expeiience in the plants operated by Union Carbide

Corporation, including the results of monitoring and clinical data,

it may be concluded that:

l.

The maximum permissible limits of.the ifational Committee on
Radiation Protection as stated in NBS Handbooks 959;:63; and 69
have proven effective guide lines in maintaining personnel
exposures during routine operations below levels at which any
indications of injury or potential injury have been observed.
The only indications of potential injury have been the results
of accidents when such limits have been grossly exceeded.
Plant equipment and facilities as currently designed and
operated provide adequate means for meeting the permissible
limits as noted.

A reduction in the current permissible limit values would
result, in many cases, in both high capital costs, high
routine operating expense, and comparatively inefficient
operating . procedures.

A significant increase in the current values of the permiss-
ible limits could result in much of the production plant areas,

particularly those where normal ursnium is handled, operating

as any facility where radiation is not & problem; health controls

would be based upon the chemical toxicity of the uranium even
more strongly than is now the case., However, although some
savings in operating expense could accrue from an increase in

these limits, major savings would result only with new
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installations since the capital expenditure which was necessary
for meeting the current limits has already been made.

5. All of the plants have been peculiarly successful in evaluating
and establishing adequate control methods for these special
hazards, especially for those presenting the greatest potential
hazard to personnel.

6. Where technical data concerning problems peculiar to the operating
plants were lacking to the extent that conservative and restrictive
control measures were considered necessary in the absence of
such information, the plants themselves have obtained the
necessary experimental or theoretical data and have established

adequate control levels for these considerations.
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RADIATION PROTECTION CRITERIA AND STANDARDS, THEIR BASIS AND USES
AT ATOMIC ENERGY FACILITIES OPERATED BY UNION CARBIDE CORPORATION

PART II. OAK RIDGE GASEOUS DIFFUSION PLANT

GENERAL INFORMATION

The principal production activity of the Oak Ridge Gaseous
Diffusion Plant is the separation of uranium-235 from normal uranium,
although operations also include other adjunct activities, such as
barrier production and recovery of material.

The over=-all plant operations currently include five major {9
separation units, a feed production facility, barrier manufacturing
facilitiesy a steam~powered electrical generating station, and a
host of service and auxiliary functions. The plant area comprises
616 acres and includes 253 buildings. Of this latter number, approx-
imately 90 are principally of steel and ffre-resistant construction
while the remainder are frame buildings of war-time constructiong

“sprinkler protection is provided for most of these facilities.
Current plant employment is about 4000.

The uranium enters plant operations as a purified oxide (UOS)
which is processed through several steps culminating in its fluori-
nation to uranium hexafluoride (UF6). The material is then passed
through the gaseous diffusion cascade wherein it is highly enriched 2
in the U-235 isotope and sent from the plant for further appropriate
finishing or usage. Materials at intermediate enrichments are also

withdrawn for special projects as requested.

This document has been approved for release

to the p\-lblw bY' Prepared by Union Carbide Corporation-
b 7 // 4 / ?,é Nuclear Division, operating contractor for the
lnfanm Offi : U.S. Department of Energy under US.
/{S{ o o Government Contract No. W-7405-eng-26.
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The major possibility of dangerously high levels of pene-
trating radiation at the ORGDP, and the only possibility of
neutron radiation, would result from an accidental critical mass
excursion, although there have been no such incidents in plant
history. On a routine basis, the principal radiation protection
consideration is that concerned with the possibility of internal y.
exposure from the alpha-emitting uranium. In addition, there are
also comparatively minor considerations of routine exposure to
beta-gamma penetrating radiation from uranium daughters and
from trace quantities of other radioactive isotopes encountered
in the reprocessing of uranium from the spent fuel of various
power, production, and research reactors. Small quantities of

other radiocactive materials are, on occasions used in the

laboratories for research and development purposes or as radiation

sources.,

STANDARDS USED

1., The permissible limits of NBS Handbook 59, including amend-
ments through April 15, 1958, and NBS Handbook 69 form the
basis for standards in use at the Oak Ridge Gaseous Diffusion
Plants personnel are considered over-exposed if the appropriate
limits are exceeded. In general, these provide criteria for
exposure to penetrating radiation (Handbook %9) and the
possibility of internal exposure (Handbook 69) as expressed
in terms of concentrations of the respective radionuclides

in air and water and permissible "body bhurdens" or body

deposits,
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Since there is no direct method for determining body
deposits of material, the indirect method of urinalysis is
used for this purpose. For determining air contamination, both
direct measurements of uranium concentrations in the air and
indirect determinations through evaluations of surface levels
are used to evaluate the possibility of employees being exposed
through inhalation.

Plant wastes released into streams are monitored to insure
that the concentration of these materials in the streams leaving
the plant boundaries do not exceed the permissible limits for
drinking water of the general population. Although there is no
possibility that these wastes can contaminate the plant potable
water supply, the intake water is monitored for beta-gamma
emitting radionuclides to insure that the levels of these
materials in plant drinking water do.not exceed the respective
permissible limits of Handbook 69.

In addition to the use of permissible limits to evaluate
personnel expo#ure or the possibility thereof, contfol points
at values below these permissible levels are also used to
maintain environmental conditions at low level§ for reasons
other than direct health protection or to insure that
permissible limits will not be exceeded. Uranium, bhoth
normal and that enriched in the U-235 isotope, is the
principal radionuclide of concern and the limits and control
points as listed below are primarily associated with this

material,  However, similar limits are used for other

r

!
a
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radionuclides which, as noted above, may appear as trace
quantities in certain operating locations of the Gaseous
Diffusion Plant. From analytical or engineering considera-
tions, the practical units used in the plant for environmental
control and evaluation are not always the same as those given
in NBS hHandbooks but are related closely thereto. In some
instances, the practical units are given in the following
tabulations.

External Radiation

a. Maximum permissible limits (Handbook 59)

1) Gemma
3 rad/quarter, 12 rad/year, and 5‘rad/year average
since age 18.

2) Beta
6 rad/quarter, 24 rad/year, and 10 rad/year average
since age 18.

3) Mixed beta and gamma
In a practical extension of the above values, the
total rad dose for mixed beta and gamma exposure is
considered as being the sum of the gamma dose and
half of the total beta dose, and the gamma limits
given above are used for this dose-equivalent. It
is recognized that beta and gamma exposures are
not necessarily directly additive, but use of this

practical unit not only reduces bookkeeping expense
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but also results in somewhat conservative values as
compared with individual gamma or beta measurements;
for example, it will indicate both over-exposures

due to beta or gamma alone and also those due to a
combined exposure in which neither the beta nor the
gamma exposure is above the maximum permissible limit.

b. Additional Control Values

Exposures of 1 rad dose-equivalent as described above.

ce Actions Taken at Permissible Limits and Control Levels

1) 1 rad in a month - Employee activities and work en-
viromment reviewed by staff and supervisory groups
and appropriate action taken.

2) 3 rads in a quarter - In addition to action described
in 2.c.l), the employee's past radiation history is
also reviewed and appropriate action taken. This
may include rotating an employee into other equivalent
work.

3) 12 rads in a year - In addition to action described
in 2.c.2), the employee will be rotated to other work
to see that he does not have an average exposure greater
than 5 rad/year since age 18.

Internal Exposure
a. Air Contamination
Maximum pe:missible concentrations as specified by the

NCRP for 40-hour/week exposures to the materials of
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concern. For uranium, a convenient value of 1 c./min./
f£t. which is equivalent to about 5 x 107t fic./ml. or
100 dis./min./m.3 is used.

Water Contamination

10% of the maximum permissible concentration for the
materials involved as specified by the NCRP in NBS Hand-
book 69 for 40 hour/week exposure.

Internal Body Deposits

The maximum permissible concentrations as specified by

the NCRP in NBS Handhook 69. Indirect methods of indi-
cating such deposits are necessary and these are expressed
as control or action points.

Additional Control Values

1) Internal Deposits

Urinary excretion levels as given below are considered

as indicating the possibility of significant internal

body deposition of uranium, but not necessarily near
the maximum permissible levels of the NCRP on a. long-
term basis.

a) 70 dis./min./24-hour sample. Measurement made at
least 1 week after any possibility of potential
exposure of the employee is eliminated. (Average
over 6-month period.)

b) 350 dis./min./24-hour sample. Measurement made

at least 24 hours after potential exposure of the
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employee is eliminated. (Average over 6-month
period., )

¢) Three consecutive weekly readings of at least 0.0l
mng. u:anium/liter or 2.6 dis./min./100 ml, plus
an additional similar reading for a sample taken
after an employee has had no potential exposure to

uranium for at least 48 hours.

'2) Surface Contamination by Uranium

Average transferable levels of 0.3 dis./hin./cm.z,
3 dis./min./cm.z, or 30 dis./min./Cm.2.
3) hin ntamination
. 2 . . 2
40 c¢./min./cm. or 650 dis./min./cm.”.

Actions Taken at Permissible Limits and Control Levels

1) Air (See Part 3.a.) - Engineering and personnel
protection actions taken as necessary if the value
given is exceeded as averaged over periods of at least
8 hours. (Note: The value stated for uranium is
actually based upon chemical toxicity of normal
uranium with permissible limits for uranium enriched
in the U-235 isotope being much higher. This single
value is used for convenience, however, as a control
point.)

2) Water (See Part 3.b.) - Although the activity of the

intake potable water is not directly under the control

of the ORGDP and there is little possibility, if any,
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of plant releases contaminating this water, plans

which may include a temporary shutoff of the water

input have been made to cope with emergencies; to

date, water levels havé been well below permissible

limits.

3) Urinalyses
a) See Part 3.d.l)a) and b) - Employees are rotated
" to other work until urinalyses show no possi-

bility of long-term average exposures above the
NCRP levels.,

b) See Part 3.d.l)c) - Employees are removed from
potential exposures to uranium until urinalyses
show no activity.

4) Surface Contamination
Appropriate action which may include removal, shield-
ing, or other controls is taken. Employees may be
required to use respiratory protection on a short-
term bhasis.,
5) Clothing Contamination
Clothing is changed and cleaned below the action point
before reuse.
4, Waste Disposal
For release to waterways, the uranium concentration or activity
will be no greater than the MPC given in NBS Handbook 69 for

continuous exposure to the general population at the point
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the stream leaves plant boundaries., Similarly, the air con-

tamination at the plant boundary will be no greater than that

permissible for the general population as given in Handbook 69,

OPERATING METHODS

1. Personn R onsibilit

de

General

At the ORGDP, radiation protection is appropriately treated
as only one phase of the over-all plant accident preven-
tion program which includes due precautions_for safety in
operations involving processes and materials which can

present significant hazards on a routine bhasis, many of

these probably being greater than those of radiation. ' (?}
Line Organization

Responsibility for the protection of employees against

radiation health hazards rests with members of the line (9/

organization to the same extent that they are responsible
for operation and production., As a part of their
responsibilities, they may monitor their areas, provide
employees with necessary protective equipment and enforce
its use, assist in eva%uating and handling the personnel
aspects of any cases of exposure, and maintain a high
standard of housekeepirg, this including such cleaning as
necessary to remove radioactive materials. Each employee
is expected to follow rules and regqulations pertaining

to health hazards established for his location and job
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assignment, monitor his person and work ares as required,
and notify his immediate supervisor of any known exposure
to radioactive materials or of conditions exceeding the
maximum allowable radiation or contamination values which
have not been properly controlled.
Staff Groups
In addition to the line organization, staff groups have
been organized with the prime responsibilities of pro-
viding information as necessary, auditing line organiza-
tional activities, determining the effectiveness of
control measures employed, and providing such necessary
routine services as film badge monitoring in the radiation
control and reporting programs. Since radiation pro-
tection at the Oak Ridge Gaseous Diffusion Plant is
appropriately considered as only one phase of the over-
all radiation protection program, it has been both
efficient and practicable to include the basic staff
radiation protection responsibility in a group which
also has similar responsibilities for other parts of the
plant safety program. In addition, certain activities
closely related to radiation protection are provided by
such service groups as those in the analytical laboratory,
engineering, and maintenance organizations. The section

of this review headed ESTIMATIED COSTS OF RADIATION
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PROTECTION 1lists the numberé of plant personnel involved
iﬁ these major radiation protection activities, This
listing actually reflects in each case an equivalent
categorization of the personnel in a larger group, the
members of which also have additional responsibilities.

2, Determinations of Exposures and Potential Exposures

a., External Radiation
All employees whose work may be expected to bring them
into contact with external penetrating radiation are issued
film badges which are read and evaluated on an appropriate
schedule, currently monthly., In addition, "visitor"
badges are available for other personnel who may enter
these locations, and their use required; these are read
at the termination of the visit. In general, regular
badges are issued where any potential exposure for a
period of as long as a month is anticipated.
b. Internal Exposures

Employees working in locations where exposure to
air-borne radiocactive materials is possible are given

periodic urinalyses both to check the adequacy of
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control activities and to evaluate the possibility
that internal exposures are occurring; similar checks
are made after any indicated exposure resulting from
material releases or other sources.
Environmental Checks
The air in locations subject to significant contamina-
tion by uranium or other radiocactive materials is
routinely and continuously monitored on a shift-lengfh
basis. In addition, short-term samples are made for
specific jobs and as a part of routine audit and
inspection activities in various plant locations.
Measurements of alpha-activity upon floors and various
work surfaces are made to evaluate any changes in
radiation problems in the various locations concerned
and to determine the effectiveness of control measures.
Similarly, sudit inspections may include checks of
employee hands, clothing, tools, etc., as well as office
facilities and similar locations. A continuing check

is also maintained by the production plants upon the

small quantities of uranium or other radicactive materials

released to the plant streams and atmosphere.
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Radiation Protection Activities

a. Since significant radiation protection characteristics
are frequently a function of the design and manufacture
of equipment and facilities, the ORGDP incorporates neces-
sary shielding and other controls during design activities,
It is recognized that a clean working environment and
confinement of material are prime requisites for pre-
venting possible exposure to such alpha-emitting materials
as uranium, the primsry radionuclide of concern at the
ORGDP, Adequate confinement of material requires specific
design considerations, efficient operating ﬁethods,
and effective administrative and supervisory
procedures. Of prime importance in design and operation
is the requirement that there be no part of the operation
or location where material continuously escapes intoc an
unconfined region. Thus, it is plant policy to(so)design
equipment and specify its operatioﬁrfiat contaminating
materials will be as well confined as practicable, and
any routine material release will not/cause the maximum
permissible concentrations in)the environment to be
exceeded.,

b. Personnel Protection
Where it is not practicable to maintain sir-borne or
surface contamination below the points at which they may
represent appreciahble sources of exposures, protective
equipment, possibly including certain items of clothing,

are furnished the employee as needed and he is required
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to use them. The most important of these personnel
protection items are gas masks and respirators which are
made available where contamination of the air is con-
sidered to present a problem; the use of these items is
required as conditions warrant. In some cases where
respiratory protection is necessary, the use of some
items of company clothing may also be required.
Personal Hygiene

Adequate facilities for good personal hygiene are
furnished, and instruments are provided to enable the
employee to determine if his hands and clothing are
above the permissible limits. Personnel hand checks

may be made mandatory before eating, smoking, or shift
change. Where contuxination is below a point considered
to represent an appreciable hazard, the devices and
items noted above may also be provided on optional

bases to those employees who desire them. /1)
Use of Radiation Detection Instruments

It is plant policy to identify contaminated articles or

areas and to separate'such articles and areas as well as

practicable. Adequate radiation detection instruments

are made available to the - organization to aid them
in identifying contami= ;:iclesvand areas and to
provide them with or measuring the extent of the

environmental ¢ B LiONg
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e. Audit Program
Members of the staff groups periodically review actual
plant practices and activities, evaluate them from the
viewpoint of radiation protection, and provide reports
for appropriate levels of management concerning their
findings and the meaning thereof.

f. Education
Technical and administrative information concerning the
radiation protection aspects of specific plant activities
has been prepared and made available to plant personnel
in accord with their requirements as necessary and
appropriate. This has been supplemented by periodic
training programs designed to insure that employees were
aware of the radiation protection requirements of their
specific jobs, including such items as protective
equipment, applicable limits, and detection methods.

EXPERIENCE - 1959

1, External Exposure

a. Greater than 3 rem/quarter, 12 rem/year, or 5 rem/year -
None,

b. Greater than 1 rem/month - 5. Action taken - As described.

2. Internal Deposits

a, Air Contsmination
1) Average air.activity greater than the maximum permis-

sible limit for 8 hours - 1471 (These cdmprise 12% of
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the total shift length samples taken.)

2) Action Taken - Engineering design to confine materialj
short-term usage of respiratory protection by personnel
as necessary. (Practically all of these samples
resulted from averagingsover the entire shift, short
periods of comparatively high level activity origi-
nating from systems opened for maintenance; respiratory
protection is used during these short periods.)

ater ivi

1) At no time did the peak activity in the potable water
supply exceed the long-term maximum permissible
concentrations specified for the radionuclides of
interest for as short a time as the one-week sampling
period. The intake water averagéd some 0.99% of the
occupational MPC for the year for these radionuclides.

Urinalysis and Clinical Data

1) At no time has there been any clinical evidence of
personnel injury as a result.of exposure to uranium
materials.

2) Urinalysis results greater than those given in
STANDARDS USED, Parts 3.d.l)-a) and -b) - None.

3) Urinalysis results greater than that given in STANDARDS
USED, Part 3.d.1)-c) - 73.

4) Action Taken - Employees were removed from exposure or
potential exposure to uranium materials for an average

period of 20 dayse.



-17-
d. Surface Contamination
1) Only 1.2% of the total surface area had average con-
tamination as high as 0.3 dis./%ﬁn./cm.2.
2) Only 5 locations involving some 46,910 ft.2 of area
had average surface activities of as much as 30 dis./
min./cm.2 for periods of as short as 3 months.
3) Action Taken - As described, this including cleanup,
engineering design, and personnel protection,
e. Clothin ontamination
1) Surface activities above control point - None,
3. Waste Digposal
a. Water release at the plant boundaries above the long-
term maximum permissible concentrations for as short
times as the weekly sampling period - None. Average release
level for the year was some 0.01% of the maximum permissible
concentration for discharge of natural uranium.,
b. Mud in stream bottoms - Showed no significant difference
from that of the background mud in one of the IVA basins.
ESTIMATED COSTS OF RADIATION PROTECTION

l. Basgic Costs

Staff Groups o - 11 Personnel - $110,000
Laboratory Analysis - 4 Personnel - 40,000
Instrument Engineering and Maintenance - ' 5 Personnel - 50,000
Instruments - - 20,000

Total: $220,000

(72)
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The $220,000 basic operating cost of the ORGDP radiation pro-
tection program represents an expenditure of approximately £5
per plant employee or 0.2%o0f the plant operating expense. The
figures given in Part 1 include support costs of the respective
staff and service functions noted, the limited experimental
and development work carried on at the ORGDP, and the operating
costs of the plant film badge program.
The figures of Part 1 do not include the increased capital
costs of equipment and facilities resulting from radiation
protection considerations. They also do not include costs such
as those involved in the provision and use of protective
equipment, emergency preparations, engineering design, the
removal of radioactive contamination from various surfaces, or
the radiation monitoring done by opgrations employees as a
relatively small part of their normal jobs. The costs of
various "fringe benefit" items, such as employee wash-up time
or clothing change time, which are ostensibly based on radiation
protection but in reality have only minimal effects upon such
protection are also omitted; these costs alone may easily be
greater than those noted in Part 1 as the general direct

program expense,.
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RADIATICN PROTECTION CRITERIA AND STANDARDS, THEIR BASIS AND USES
AT ATOMIC ENERGY FACILITIES OPERATED BY UNION CARBIDE CORPORATION

PART II. OAK RIDGE GASEQUS DIFFUSION PLANT

GENERAL INFORMATION

The principal production activity of the Oak Ridge Gaseous
Diffusion Plant is the separation of uranium-235 from normal uranium,
although operations also include other adjunct activities, such as
barrier production and recovery of material.

The over=-all plant operations currently include five major
separétion units, a feed production facility, barrier manufacturing
facilities, a steam-powered electrical generating station, and a
host of service and auxiliary functions. The plant area comprises
616 acres and includes 253 buildings. Of this latter number, approx-
imately 90¥% are principally of steel and ffre-resistant construction
while the remainder are frame buildings of war-time constructiong

: sprinklef protection is provided for most of these facilities.
Current plant employment is about 4000.

The uranium enters plant operations as a purified oxide (U03)
which is processed through several steps culminating in its fluori-
nation to uranium hexafluoride (UF6). The material is then passed
through the gaseous diffusion cascade wherein it is highly enriched
in the U-235 isotope and sent from the plant for further appropriate
finishing or usage. Materials at intermediate enrichments are also

withdrawn for special projects as requested.

This document has been approved for release
to the public by:

Mg T% 2 T A _Zé{;é ?/ Prepared by Union Carbide Corporation-

ical Informatiof Officer Nuclear Division, operating contractor for the:

ook y U.S. Department of Energy under u.s.
R"ds' K-25 Site Government Contract No. W-7405-eng-26.
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The major possibility of dangerously high levels of pene-
trating radiation at the CORGDP, and the only possibility of
neutron radiation, would result from an accidental critical mass
excursion, although there have been no such incidents in plant
history. On a routine basis, the principal radiation protection
consideration is that concerned with the possibility of internal
exposure from the alpha-emitting uranium. In addition, there are
also comparatively minor considerations of routine exposure to
beta~gamma penetrating radiation from uranium daughters and
from trace quantities of other radicactive isotopes encountered
in the reprocessing of uranium from the spent fuel of various
power, production, and research reactors. Small quantities of
other radioactive materials are, on occasion, used in the

laboratories for research and development purposes or as radiation

sources.

STANDARDS USED

1. General Review
The permissible limits of NBS Handbook 59, including amend-
ments through April 15, 1958, and NBS Handbook 69 form the
basis for standards in use at the Oak Ridge Gaseous Diffusion

Plantj personnel are considered over-exposed if the appropriate

limits are exceeded. In general, these provide criteria for
exbosure to penetrating radiation (Handbook 59) and the
possibility of internal exposure (Handbook 69) as expressed
in temms of concentrations of the respective radionuclides
in air and water and permissible "body burdens" or body

deposits.
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Since there is no direct method for determining body -
deposits of material, the indirect method of urinalysis is
used for this purpose. For determining air contamination, both
direct measurements of uranium concentrations in the air and
indirect determinations through evaluations of surface levels
are used to evaluate the possibility of employees being exposed
through inhalation.

Plant wastes released into streams are monitored to insure
that the concentration of these materisls in the streams leaving
the plant boundaries do not exceed the permissible limits for
drinking water of the general population. Although there is no
possibility that these wastes can contaminate the plant potable
water supply, the intake water is monitored for beta-gamma
emitting radionuclides fto insure that the levels of these
materials in plant drinking water do not exceed the respective
permissible limits of Handbook 69.

In addition to the use of permissible limits to evaluate
personnel exposure or the possibility thereof, control points
at values below these permissible levels are also used to
maintain environmental conditions at low levels for reasons
other than direct health protection or to insure that
permissible limits will not be exceeded. Uranium, both
normal and that enriched in the U-235 isotope, is the
principal radionuclide of concern and the limits and control
points as listed helow are primarily associated with this

material, However, similar limits are used for other
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radionuclides which, as noted above, may appear as trace
quantities in certain operating locations of the Gaseous
Diffusion Plant. From analytical or engineering considera-~
tions, the practical units used in the plant for environmental
control and evaluation are not always the same as those given
in NBS handbooks but are related closely thereto. In some
instances, the practical units are given in the following
tabulations.

External Radiation

a. Maximum permissible limits

1) Gamma |
3 rad/quarter, 12 rad/year, and 5 rad/year average
since age 18.

2) Beta
6 rad/quarter, 24 rad/year, and 10 rad/year average
since age 18.

3) Mixed beta and gamma
In a practical extension of the above values, the
total rad dose for mixed beta and gamma exposure is
considered as being the sum of the gamma dose and
half of the total beta dose, and the gamma limits
given above are used for this dose-equivalent. It
is recognized that beta and gamma exposures are
not necessarily directly additive, but use of this

practical unit not only reduces bookkeeping expense
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but also results in somewhat conservative values as
compared with individual gamma or beta measurementss
for example, it will indicate both over-exposures
due to beta or gamma alone and also those due to a
combined exposure in which neither the beta nor the

gamma exposure is above the maximum permissible limit.

Additional Control Values

Exposures of 1 rad dose-equivalent as described above.

Actions Taken at Permissible Limits and Control Levels

1)

2)

3)

1 rad in a month - Employee activities and work en-
vironment reviewed by staff and supervisory groups

and appropriate action  taken.

3 rads in a quarter - In addition to action described
in 2.c.l), the employee's past radiation history is
also reviewed and appropriate action taken. vThis

may include rotating an employee into other equivalent
work.

12 rads in a year - In addition to action described

in 2.c.2), the employee will be rotated to other work
to see that he does not have an average exposure greater

than 5 rad/year since age 18.

Internal Exposure

Qe

Air Contamination

Maximum permissible concentrations as specified by the

NCRP for 40-hour/week exposures to the materials of
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concern. For uranium, a convenient value of 1 c./hin./?t.3
which is equivalent to about 5 x lO-ll Lc./ml. or 100 dis./
min./m.° is used. (Note: This value is actually based upon
chemical toxicity of normal uranium with permissible limits
for uranium enriched in the U-235 isotope being much higher.
This single value is used for convenience, however, as a
contiol point.)
Water Contamination
10% of the maximum permissible concentration for the materials
involved as specified by the NCRP in NBS Handbock 69 for 40
hour/week exposure. Where water contamination is maintained.
at this level, the resulting exposure is considered as having
essentially no effect upon the permissible level of other,
and major, sources of exposure.
Internal Body Deposits
The maximum permissible concentrations as specified by the
NCRP in NBS Handbook 69. Indirect methods of indicating such
deposits are necessary and these are expressed as control or
“ion points.
Additional Control Values
1) Internal Deposits
Urinary excretion levels as given below are considered as
indicating the possibility of significant internal body
deposition of uranium, but not necessarily near the maxi-
mum permissible levels of the NCRP on a long~term basis.
a) 70 dis./min./24-hour sample. Measurement made at
least 1 week after any possibility of potential exposure

of the employee is eliminated. (Average over 6-month
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period.)

b) 350 dis./min./24-hour sample. Measurement made at
least 24 hours after potential exposure of the employee
is eliminated. (Average over 6-month period.)

c) Three consecutive weekly readings of at least 0.0l mg.
uranium/liter or 2.6 dis./min./100 ml. plus an addition-
al similar reading for a sample taken after an employee
has had no potential exposure to uranium for at least
48 hours. 1t is recognized that an employee meeting
this criterion can have essentially no body deposition,
certainly over the long term, and this conclusion is
borne out by experience. This practice results in
substantial economies in analytical and bookkeeping
expenses which would otherwise be necessary to maintain
average exposures near a permissible limit.

Surface Contamination by Uranium

Average transferable levels of 0,3 dis./hﬁn./cm.2, 3 dis./

min./cm.z, or 30 dis./min./bm.2. Experiments have shown

that at the last-listed level, the maximum air contamination
considered possible is of the order of 10% of the maximum

permissible level for air contamination.

.Clothing Contaminagtion

40 c./min./cm.2 or 650 dis./hin./bm.z. Clothing contami-
nated to this level by uranium dusts as found at the ORGDP
can result in possible contamination of the air breathed

by an individual at some 10% of the permissible level for

air activity.
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e. Actions Taken at Permissible Limits and Control levels
1) Air (See Part 3.a.) - Engineering and personnel protection
actions taken as necessary if the value given is exceeded
as averaged over periods of at least 8 hours.
2) Water (See Part 3.b.) - Although the activity of the intake
potable water is not directly under the control of the ORGDP
and there is 1little possibility, if any, of plant releases
contaminating this water, plans which may include a temporary
shutoff of the water input have been made to cope with
emergenciess; to date, water levels have been well below
permissible limits on the control values of the ORGDP.
3) Urinalyses
a) See Part 3.d.l)a) and b) - Employees are rotated to other
work until urinalyses show no possibility of long-term
average exposures above the NCRP levels,

b) See Part 3.d.l)c) - Employees are removed from potential
exposures to uranium until urinalyses show no activity.

4) Surface Contamination
Appropriate action which may include removal, shielding, or
other controls is taken. Employees may be required to use
respiratory protection on a short-term basis.

5) Clothing Cbntaminatign
Clothing is changed and cleaned below the action point
before reuse.

Waste Disposal
For release to waterways, the uranium concentration or activity
will be no greater than the MPC given in NBS Handbook 69 for

continuous exposure to the general population at the point



-9-
the stream leaves plant boundaries. Similarly, the air con-
tamination at the plant boundary will be no greater than that
permissible for the general population as given in Handbook 69,

OPERATING METHODS

1. Personnel Responsibility
a. General

At the ORCDP, radiation protection is appropriately treated

as only one phase of the over-all plant accident preven-

tion program which includes due precautions for safety in
operations involving processes and materials which can
present significant hazards on a routine basis, many of
these probably being greater than those of radiation.

Line Organization

Responsibility for the protection of employees against
radiation health hazards rests with members of the line
organization to the same extent that they are responsible
for operation and production. As a part of their
responsibilities, they may monitor their areas, provide
employees with necessary protective equipment and enforce
its use, assist in evaluating and handling the personnel
aspects of any cases of exposure, and maintain a high
standard of housekeepirg, this including such cleaning as
necessary to remove radicactive materials. Each employee
is expected to follow rules and regulations pertaining

to health hazards established for his location and job
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assignment, monitor his person and work ares as required,
and notify his immediate supervisor of any known exposure
to radioactive materials or of conditions exceeding the
maximum allowable radistion or contamination values which
have not been properly controlled.
Staff Groups
In addition to the line organization, staff groups have
been organized with the prime'responsibilities of pro-
viding information as necessary, auditing line organiza-
tional‘activities, determining the effectiveness of
control measures employed, and providing such necessary
routine services as film badge monitoring in the radiation
control and reporting programs. Since radiation pro-
tection at the Oak Ridge Gaseous Diffusion Plant is
appropriately considered as only one phase of the over-
all radiation protection program, it has been both
efficient and practicable to include the hasic staff
radiation protection responsibility in a group which
also has similar responsibilifies for other parts of the
plant safety program. In addition, certain activities
closely related to radiation protection are provided by
such service groups as those in the analytical laboratory,
engineering, and maintenance organizations. The section

of this review headed ESTIMATIED COSTS OF RADIATION
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PROTECTION lists the numbers of plant personnel involved
in these major radiation protection activities. This
listing actually reflects in each case an equivalent
categorization of the personnel in a larger group, the
members of which also have additional responsibilities.

2. Determinations of Exposures and Potentisl Exposures

a. External Radiation
All employees whose work may be expected to bring them
into contact with exfernal penetrating radiation are issued
film badges which are read and evaluated on an appropriate
schedule, currently monthly. In addition, "visitor"
badges are available for other personnel who may enter
these locations, and their use required; these are read
at the termination of the visit. In general, regular
badges are issued where any potential exposure for a
period of as long as a month is anticipated.
b, Internal E ur

Employees working in locations where exposure to
air-borne radioactive materials is possible are given

periodic urinalyses both to check the adequacy of
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control activities and to evaluate the possibility
that internal exposures are occurring; similar checks
are made after any indicated exposure resulting from
material releases or other sources.
Environmental Checkg
The air in locations subject to significant contamina-
tion by uranium or other radiocactive materials is
routinely and continuously monitored on a shift-lengfh
basis. In addition, short-term samples are made for
specific jobs and as a part of routine audit and
inspection activities in various plant locations.
Measurements of alpha-activity upon floors and various
work surfaces are made to evaluate any changes in
radiation problems in the various locations concerned
and to determine the effectiveness of control measures.
Similarly, audit inspections may include checks of
employee hands, clothing, tools, etc., as well as office
facilities and similar locations. A continuing check
is also maintained by the production plants upon the
small quantities of uranium or other radioactive materials

released to the plant streams and atmosphere.
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3. Radiation Prbtgction Activities
a. Engineering Design
Sipce many types of radiation protection requirements can
be efficiently incorporated into equipment and facilities
only during construction, the ORGDP specifically considers
the shielding, ventilation, and other controls necessary
to meet applicable permissible limits as a basic part of
design activities.

It is recognized that a clean working environment and
confinement of material are prime requisites for preventing
possible exposure to such alpha-emitting material as uranium,
the primary radionuclide of concern at the ORGDP, Thus, it
is plant policy to so design equipment and specify its
operation that contaminating materials will be as well con-
fined as practicable, and that there be no part of the
operation or location where material continuously escapes
into an unconfined region to an extent that the maximum
permissible concentrations in the environment will be
exceeded. Similarly, where beta-gamma penetrating radiation
is a consideration, the necessary shielding is also incorporated
in the design. 1In all cases, maintenance requirements are
also considered in the design.

b. Personnel Protection
Where it is not practicable to maintain ailr-borne or surface
contamination below the points at which they may represent
appreciable sources of exposure, items of protective equipment

are furnished the employee as needed and he is required
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to use them. The most important of these personnel

protection items are gas masks and respirators which are

made available where contamination of the air is con-
sidered to present a problem; the use of these items 1is
required as conditions warrant., In some cases where
respiratory protection is necessary, the use of some
{tems of company clothing may also be required.

Personal Hvgien

Adequate facilities for good personal hygiene are
furnished, and instruments are provided to enable the
employee to determine if his hands and clothing are
above the permissible limits. Personnel hand checks
may be made mandatory before eating, smoking, or shift
change. Where contamination is below a point considered
to represent an apéreciable hazard,vthe devices and
items noted above may also be provided on optional

bases to those employees who desire them.

Use of Radiation D ion Instrumen

It is plant policy to identify contaminated articles or
areas and to separate such articles and areas as well as
practicable. Adequaté radiation detection instruments

are made available to the line organization to aid them

. in identifying contaminated articles and areas and to

provide them with a means for measuring the extent of the

environmental contamination.
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e. Audit Program
Members of the staff groups periodically review actual plant
practices and activities, evaluate them from the viewpoint
of radiation protection, and provide reports for appropriate
levels of management concerning their findings and the meaning
thereof, Such evaluations, of course, include the comparison
of measurements made to the maximum permissible limits or to
applicable control values.

f. Education
Technical and administrative information concerning the
radiation protection aspects of the specific plant activities
has been prepared and made available to plant persconnel in
accord with their requirements as necessary and appropriate.
This has been supplemented by periodic training programs
designed to insure that employees were aware of the radiation
protection réquirements of their specific jobs, including
such items as protective equipment, applicable limits, and

detection methods.

EXPERIENCE - 1959

External Personnel Exposure

a. Greater than 3 rem/quarter, 12 rem/year, or 5 rem/year - None.

_b. Greater than 1 rem/month - 5. Action taken - As described.

In nal P onnel E
a. Air Contamination
1) Average air activity greater than the maximum permissible

limit for 8 hours - 1471 (These comprise 12%¥ of the total

shift-length samples obtained, these being taken in the
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areas having the principal possibilities of air contamina-
tion. Periodic short-term samples taken in other plant
locations continue to indicate that potential éxposures
in locations other than those continuously sampled have
negligible possibilities of any air activity, much less

such activity at the permissible limit.)

2) Action Taken - Engineering design to confine materialj

short-term usage of respiratory protection by personnel as
necessary. (Practically all of these samples resulted from
"averaging" into the shift-length samples those short
periods of comparatively high level actiVity originating
from systems opened for maintenancey respiratory protection

is used during these short periods.)

b, Water Activity

1)

At no time did the peak activity in the potable water supply
exceed the long-term maximum permissible concentrations
specified for the radionuclides of interest for as short

a time as the one-week sampling period. The intake water
averaged some 0.99% of the occupational MPC for the year

for these radionuclides.

c. Urinalysis and Clinical Data

1)

2)

3)

4)

At no time has there been any clinical evidence of personnel
injury as a result of exposure to uranium materials.
Urinalysis results greater than those given in STANDARDS
USED, Parts 3.d.1)-a) and -b) - None.

Urinalysis results greater than that given in STANDARDS
USED, Part 3.d.l)-c) - 73.

Action Taken - Employees were removed from exposure or potential

exposure to uranium materials for an average period of 20 days.
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d. Surface Contamination
1) Only 1.2% of the total surface area had average con-
tamination as high as 0.3 dis./hin./cm.z.
2) Only 5 locations involving some 46,910 ft.2 of area
had average surface activities of as much as 30 dis./
min./cﬁ.2 for periods of as short as 3 months,
3) Action Taken - As described, this including cleanup,
engineering design, and personnel protection,
e, Clothin on
1) Surface activities above control point - None,
3. WNaste Disposal
a. Water release at the plant boundaries above the long-
term maximum permissible concentrations for as short
times as the weekly sampling period - None. Average release
level for the year was some 0.01% of the maximum permissible
concentration for discharge of natural uranium.
b. Mud in stream hottoms - Showed no significant difference
from that of the background mud in one of the IVA basins.
ESTIMATED COSTS OF RADIATION PROTECIION

1. Basic Costs

Staff Groups S - 11 Personnel - $110,000
Laboratory Analysis - 4 Personnel - 40,000
Instrument Engineering and Maintenance - 5 Personneél - 503000
Instruments - - 20,000

Total: $220,000
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The $220,000 hasic operating cost of the ORGDP radiation pro-
tection program represents an expenditure of approximately $5
per plant employee or 0.2%0f the plant operating expense. The
figures given in Part 1 include support costs\of the respective
staff and service functions noted, the limited experimental
and development work carried on at the ORGDP, and the operating
costs of the plant film badge program.
The figures of Part 1 do not include the increased capitél
costs of equipment and facilities resuiiing from radiatioh
protection considerations. They also ao not include costs such
as those involved in the provision and.use of protective
equipment, emergency preparations, engineering design, the
removal of radioactive contamination from various surfaceég or
the radiation monitoring done by operatioﬁs employees as a
relatively small part of their normal jobs. The costs of"

various "fringe benefit" items, such as employee wash-up time

- or clothing change time, which are ostensibly based on radlation

protection but in reality have only minimal effects upon such
protection are also omitted; these costs alone may easily be
greater than those noted in Part 1 as the general direct

program expense,
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RADIATICON PROTECTION CRITERIA AND STANDARDS:
THEIR BASIS AND USE

PLANT OPERATIONS

The Paducah Plant is a government-owned gaseous diffusion plant operated
by Union Carbide Nuclear Company for the Atomic Energy Commission. The diffusion
plant, with the associated uranium hexafluoride manufacturing plant and uranium metal
foundry, processes large quantities of relatively pure uranium compounds. The major'
sources of external penetfrating radiation from such materials are the daughter pro-
ducts, isotopes of thorium and protactinium, formed by the alpha decay of the parent
uranium, and which are'concenfrafed in the ash produced during the fluorination pro-

can P’

cess., The element uranium mey-pmewe hazardous only if allowed to enter the body. {22
The chemical foxicity of the uranium materials processed at the Paducah Plant over-

shadows any radiation danger from this element, thus making it comparable as an

industrial risk to lead, mercury, or other well known heavy metals.

RADIATION STANDARDS OBSERVED
Basic Standards

The radiation standards recognized at the Paducah Plant are those documented
in NBS Handbooks 59 and 69, including the addendum to the former.

Thus, for external penetrating radiation the basic standards observed are
The |3-week limits of 3 rems of gamma radiation to the body and 6 rems of beta radia-
tion to The skin. The added restriction is imposed for gamma radiation that no .em-
ployee shall exceed an accumulated dose greater than (N=18) x 5 rems where N is his
age in years, with a comparable restriction for cumglaTive exposure to the skin fr06
radiation of low penetrating power (beta) being (N-18) x 10 rems.

For internal deposits of uranium, the |imiting quantity is considered to be
the 0,005 microcuries listed in NBS Handbook 69 as the maximum permissibie body burden

when the kidney is considered as the critical organ. The maximum permissible con-




centration observed for uranium in air for plant work areas is 6 x IO—" microcuries
per cubic centimeter of air,

Action or Control Limitis

1+ has been the plant policy to observe‘aqfion points at some fraction of
nationally recognizedbsfandards to insure against any employee exceeding the estab-
lished limi+s. Thus, for penetrating radiation any employee whose totail exposure
reaches either 2,4 rem of gamma radiation or 4.8 rem of beta radiation wifﬁin a
|3-week period is rotated fo a job having no radiation exposure until such time as
+h : . M‘E’ Sl puplog i = T

e exposure quarter has ended. Such job rotation has been exTended3Wt4¢H*r4ﬁe—pas+

wezr so‘that The orobability of any employee exceeding even the action levels has beenE52
greatiy reduced.

While it may be calculated from the maximum permissible body burden for
uranium, and the various factors for the distribution of and excretion from this body
burden, that an excretion rate of approxumaTely 50 micrograms per day may be con-

J¢19~u444hx@¢5/ivuibvvu/ o, ,ﬂﬂﬁﬂj*/‘”"
sidered indicative of a mexd O ' St of normal uranium, the plant

action point is set at 12 micrograms per day. When a series of urinalyses indicate
an employee is excreting more than |2 micrograms of uranium per day, he is removed

from further uranium exposure until such time as his excretion rate is below this level,

OPERATING METHODS

Plant Personnel

The basic philosophy of the Paducah Plant is that each member of the line
organization has a responsibility for the safety and health of employees commensurate
with his responsibility for the operation of the plant. The operating groups have
radiation detection instruments and have been frained in the use of such equipment,

They have the responsibility for the maintenance of ventilating equipment, both general
area and local exhaust, as well as that of keeping operating equipment in such condition

that the need for such ventilation will be minimal. The responsibilities of using the



proper protective equipment, of maintaining a clean work area, and of rotating
personnel to different jobs or work areas as needed to comply with plant radiation
and uranium action points are all that of line supervision.

The Medical and the Health Physics and Hygiene Departments are maintained
as staff groups, equipped to provide fTechnical information and assistance as required,
The functions served include making inspections of all areas and all operations, main-
faining a film meter service, coordinating a bic—assay program, moniforing of workroom
air for many chemicals used as well as for uranium, making audit surveys of the radia-
tion levels for various jobs or work areas, conducting an environmental monitoring
program fo assure that no damage may result fTo adjacent communities or individuals and
to provide protection in the case of unwarranted litigation, providing a periodic and
special health examination schedule, and assisting in the fraining of all employees.

A total bf seven employees work in the Health Physics and Hygiene Depart-

. R A

ment, comprising approximately 0.4% of the plant work force.lhfggge_ére 16 employees
in The plant Medical Department.

In addition fto the above groups fhere are various service groups which pro-
vide speciéiized engineering, chemical and radiochemical |aboratory, and maintenance

functions. None of these people work exclusively in radiation protection, but many

A\ S
j o,
/ ;

spend a very significant portion of their time in such endeavor. There are 3 to 4
analyst days spent each day on laboratory analyses directly involved in radiation
protection,

Plant Design

The basic method employed to conirol exposure fo uranium is the confinement
of the material being processed. All diffusion plant equipment is designed so the
UFg is pumped through the miles of piping, and other essential associated diffusion
plant equipment, with the probability of the exposure of any employee being reduced

To insignificance. However, the system must occasionally be copened for maintenance,

and the product and tails material must be withdrawn into appropriate containers.
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At such fime?&gﬁf;ffiii;j‘ify of some small amount of the material becoming air-— <:>
borne is—inereaseds;—end/the necessary precautionary measures are fo!lowedZ]

Essential ly the same rules apply in the uranium hexafluoride manufacturing é:f;?

portion of the plant. Ehﬂ?1ﬁ1r?§r frequency Withwirieh—somne of-thisequipmeni—mest ()

be_eniened.tonwma¢nienaace»work*afsu“€?éva*esmTﬁ”“T‘"ETﬂhcedhoiusomeweseape~u+~aﬁa»+um 77
ma*mmmuwﬁﬁmggﬁmﬁv«ﬁ%& use is made hase of ’
local ventilation exhausting through filters designed to prevent the escape of the
uranium,

Routine inspections are made of all equipment fo detect any conditions
which require remedial action. Such inspections are performed daily by line super-
vision and their employees, and on a less frequent basis by members of the Health
Physics and Hygiene Department,

Assessment of Exposure

A routine film badge program is maintained such that each employee having
a significant probability of exposure to penefrating radiation wears a film meter
which is collected, developed, read and evaluated on a monthly cycle, Currently,

. o
approximafely one-third of the plant population are .included in this programe hopever,

mbination gecurity-

all/planf emploz;es W|l| be badged in the near/ig?ﬁre when a new
I

fllm badge is Aelivered from.#he company whi received the copfract for #he fabrica-

7

tion of fﬁgm This wnll;bé one step in program designed/fo give cogp{éfe coverage

of emploﬁees so that exposures may be’evaluated more ra//dly and accurafely in any

fuTure unscheduled crlflcal reacflan.

Employees whose work involves any possibility of exposure to uranium are
scheduled for urinalysis at a frequency which is determined by their job exposure
probability. The frequency of such schedule may vary from a weekly one for an em-
ployee whose recent urinalyses have indicated an excretion rate approaching the
plant contro!l limit to an annual one for an indivudual who works in an area where

no uranium should be encountered.



Continuous air samplers operate in all areas where an audit of the air-
borne uranium has indicated a need for such. The samplers collect onto a filter
paper the particulate matter from air which is sampled over an 8-hour work shift.

The filter paper is then alpha counted in a labofaTory type instrument to determine
the airborne uranium concentration. New equipment or jobs, or any changes in opefaf-
ing procedures on existing jobs, are checked by an inspection which includes an
evaluation of air samples collected in the breathing zone of employees and in the
general work location,

: e

The*prob+em~oi,4irborne beta-gamma active decay products of uranium & con- (4)
trolled by maintaining the alpha activity of uranium within accepfable bimits, but
such air samples are less frequently counted for beta-gamma activity as an added pre-
caution. Checks are also made of such trace impurities as fission products and
transuranic elements fo evaluate and eliminate any possible hazard from an unexpected

accumuiation of such materials.

PLANT EXPERIENCE

- The effectiveness of any program may be assessed by the results produced.
During the year of 1959 there were 7 plant employees who were temporarily rotated to
jobs involving no radiation exposure, but none of these exceeded the recognized
quarterly limits. In the same year a total of 66 employees were temporarily rotated
to jobs having no contact with uranium, but none of these over a period of six months
averaged an excretion rate indicative of half the maximum permissible body burden,

The monitoring of plant areas for radioactive contamination has shown that

most work is done in an environment which is maintained well below the maximum per=-
missible concentration for airborne uranium. There are jobs which produce localized
areas of somewhat elevated concentrations of uranium in air for short periods of time,
but as new operating techniques are developed these events occur less frequently.

The mean of 8810 shift-length air samples collected in work areas during 1959 was




2.04 x 107! microcuries of alpha activity per cubic centimeter of air; this repre-

sents 349 of the maximum permissible concentration of 6 x 1o~!! Mc/cc.

COSTS OF RADIATION PROTECTICON PROGRAM

It is rather difficult to evaluate the cost of radiation protection in a
plant in which the basic responsibility for such protection reverts to line supervi-.

w"%%%‘“g4uaﬂmzxﬁf
sion, and still exclude the costs incurred from the efforts of Thsi;gcpmﬁ: The

annua! budget for the Health Physics Department for FY-1960 iz approximately $65,000,
or about 0.3% of the operating expense for the plant, exclusive of power costs.

in addition to this basic cost, other items such as the maintenance of
radiation instruments which belong to other groups, mainfenance of local exhaust

ventilation, and the cost of maintaining respirators and masks might alsc be included.

These activities will approximately equal the cost of the Health Physics budget.

" PROTECTION OF ENVIRONS

Even normal uranium at $11.45 per pound is a rather expensive element; so
this represents a great incentive to recover as much in any situation as is economi-
cally feésible. The added desire +o maintain a wholesome relationship with neighbor-
ing communities and individuals makes it essential that éll waste air be exhausted
through filters, and that all effluent waters be maintained a¥ extremely low concen-
trations of uranium.

The resul+ts of the plant environmental monitoring program for 1959 indicate
that the average of 3 x 10~!3 microcuries of uranium per cubic centimeter of air at
the perimeter fence is below NBS Handbook 69 standards for air beyond confrolAareas
by a factor of 10. The mean result for beta activity, 2 x 10712 microcuries per
cubic centimeter of air, is a factor of 500 below the applicable standard.

The monitoring of water in the small, wet weather streams on each side of
the plant during 1959 gave an average alpha activity of 1.07 x i0—7 microcuries per

cubic centimeter and a mean beta analysis of 2.88 x 1070 uc/cc. These figures are



approximately factors of 200 and 10, respectively, below the standards recommended
for water beyond a restricted area. Sampies collected in the Ohio River below this
plant show no greater alpha activity Than samples collected above the plant in that
river. The beta activity of 2.23 x 10;7 Mc/cc, while slightly elevated above the
upstream results, is a factor of approximately 100 below the standard listed in NBS

Handbook 69,

EFFECTS OF POSSIBLE CHANGES I[N LIMITS
In the eight years of operations at the Paducah Plant the accumulation of
internal deposits of uranium by employees has been minimal, and exposures to penetrat-

ing radiation have been less than the maximum figures accepted nationaliy. There has

A
I/

s / e . .
been noxevidence of-%ﬁjhry, either acute or chronic, to any employee from radiation

or radiocactive mafer:als [ wever, as Wi tsy7“¢be;e~ma¥;>

remain.some-remofe—possibi-tity-of-injury.. The guestion-remains- as—to-what extemrt-one

should. go—in—a¥tempting-Fo-reduce SUCH exposures to zero.]

2 ()

I+ has been estimated that if standards were reduced to 50% of the current
They wootd
values, an.expenditure of approximately $2,000,000 might be necessary, provide eidher
a method for doing much maintenance and handling of material by remote conirol such as

a ' that utilized around nuclear reactors and in the processing of The—mépe—hafardees plu~

7 tonium, ﬁ

main#enaaee—en-sach-equﬁvmenT;j If the present radiation standards were to be reduced

by a factor of 5 or lO}ﬁ+he ramifications would be numerous. A cost vs.result relation-

ship which might be nearly linear if radiation |imits were reduced by a factor of 2, pecdh
Kfrr Sl 4&»5555551«.

would probably more nearly be exponential at the factor of 10. Thus, cos*EyWould

increase much more rapidly than would the desured reducflon :n radxaTnon exposure.

Aﬂw
ln addtf;on to fhe :nnTualrgxpense |nvolved

ﬁ+a¥9 st the SXLOSHHS—per—person coutd-be-reduced- Tht-:,
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The reduction of the maximum
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permissible concentration of some isotopes would reduce these levels below those
which can be measured today.

Conversely, if such standards were fo be raised by 50% of The present
values, it would be possible to save some of the money being expended to control
exposures.,

The accumulation of evidence over the past 8 years at the Paducah Plant,
and Tthe past 15 years at other plants operated by Union Carbide Nuclear Company in
this industry, shows that standards are being mef, and there seems to be no evidence

that anyone has suffered damage at these levels.

This document has been reviewad for
classification and has been datermi

. be UNCLASSIFIED. Red to
EGB:mlp

ADC Signature

J,
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OAK RIDGE, TENNESSEE 37831

July 24, 1996

Ms. J. K. Lamb

ChemRisk

1135 Atlantic Avenue
Alameda, California 94501

Dear Ms. Lamb:
Documents Requested by ChemRisk - Health Studies Agreement

Enclosed are copies of three documents which you have requested during your search through the K-1034A
Site Records Center. These documents have not previously been submitted for review and approval for
public release. The Y-12 Plant Classification and Technical Information Offices have reviewed them and
have determined that they do not contain classified or controlled information.

Y/TS-1552 Moore, W. C., “Information on Radioactive Waste Disposal and Storage at Y-12
(Box # NN-78-07-2.1.3A),” Union Carbide Nuclear Company, Y-12 Plant
(April 14, 1958).

Y/TS-1553 Murray, J. P., “Request for Toxicological Information (Box # NN-17-2 (#1) 2.1.1),”
Union Carbide Nuclear Company, Y-12 Plant (January 26, 1959).

Y/TS-1554 Author not shown, “Radiation Protection Criteria and Standards: Use at UCC Facilities
(Box # 11-4-1),” Union Carbide Nuclear Company, Y-12 Plant (1960).

If you have any questions, please contact L. L. McCauley at (423) 574-7593 or S. W. Wiley at
(423) 576-0263.

Very truly yours,

R. M. Keyser, Director
Health, Safety, Environment,
and Accountability Organization
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c/encs: A. L. Rothrock, DOE-ORO
S. W. Wiley (RC)

c: T.R. Butz R. M. Keyser
C. D. Goins, Jr L. L. McCauley
F. P. Gustavson S. D. Morris, DOE-ORO
T. W. Joseph, DOE-ORO R. J. Spence, DOE-ORO
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To: Those Iisted Plant: Y-=12
Date:  April 1k, 1958

Copies To: Subject: Information on Radioactive
Waste Disposal and Storage
at Y-12

Public hearings on industrial radioactive waste disposal problems are scheduled
e before a special subcommittee of the Joint Committee on Atomic Energy in Wash-
ington, D. C. from April 28 through Mey 6, 1958.

With regard to this matter, the Commission has requested that UCNC supply perti-
nent information. The K-25 Technical Division is coordinating a joint reply
covering the Y-12, K-25, and Paducah Plants. Y-12 data submitted in response
to this request is a compilation of information prepared Jointly by the Y-12
Health Physics Department, Chemical Division, Maintenance Division, Finance and
Materials Division, and Process Analysis Department.

Attached are Exhibit "A", an outline of the operational methods and procedures
used in the collection, handling, processing and disposal of waste materisls at
Y-12; Exhibit "B", a statement of the amount of uranium oxide, etc., depleted in
U-235 stored in Y-12; Table I, a cost summary of Y-12 Plant waste disposal ac- ’
tivities; and Maps "A", "B", and "C", Y-12 envirommental monitoring stations and
radiocactive waste disposal areas.
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EXHIBIT "A"

Y-12 WASTE MANAGEMENT OPERATION

The description of the radioactive waste management operation at the Y-12 Plant will be divided into a brief
discussion of certain individual phases of this operation, viz., waste generation, waste handling, waste process-
ing, waste disposal and environmental monitoring.

Wastes generated at Y-12 may be classified into two types, liquid and solid.

A. Liquid wastes consist of fluid masses of material containing small concentrations of uranium whose re-

covery is not deemed economically feasible. Examples of this type of waste are spent process solutions,

B. Solid wastes consist of process residues whose uranium content does not economically warrant further pro-

cessing and used processing equipment and supplies which are contaminated.

The handiing of radicactive wastes is accomplished according to their type.

A. Liquid wastes are either pumped through pipelines or transported in tank trucks to the disposal areas.

B. Solid wastes are hauled either in drums or carrying receptacles to disposal areas.

Waste processing at Y-12 is performed to recover uranium from the residues or reduce the level of radioactivity
of used processing equipment and supplies so that these may be safely sold for their salvage value. Processing

is not performed merely to reduce the volume or radioactivity of the waste prior to storage or disposal.

The final disposal of radioactive wastes is effected according to the following scheme.
A. Liquid wastes are released inw either the East Fork of Poplar Creek or the settling basins west of Y-12.

(See Map A).

1. Those emptied into the industrial sewers are fed into the East Fork of Poplar Creek. The alpha activity
of these liquids is less than 6 x 10~% microcuries per milliliter.

2. The remainder of the liquid wastes are discharged into the settling basins. The alpha activity of

this liquid is less than 7 x 1072 microcuries per milliliter.

B. Solid wastes are routed to the contaminated oxide storage areas (See Map A), the decontamination and
smelting area (See Map A), the Y-12 burning ground (See Map B), the Y-12 burial ground (See Map B),
or the ORNL burial ground.

1. Cerain process residues which are designated as contaminated oxides are stored in 30-gallon black

iron barrels at the contaminated oxide storage area. The alpha activity of this oxide ranges from




.30 to .45 microcuries per gram.

2. Used contaminated equipment is sold through surplus outlets with levels as high as 2,000 alpha dis-
integrations per minute per 100 square centimeters and 0.3 mrad/hour beta-gamma. * Frequently,
the equipment is decontaminated to meet these standards. Certain types of metal scrap contaminated
to average levels as high as 5,000 alpha disintegrations per minute per 100 square centimeters and
the beta-gamma that would accompany uranium surface contamination of this magnitude can also
be sold through surplus outlets. Metals contaminated in excess of the limits above are decontaminated

by smelting,

3. Contaminated combustible solid wastes having an alpha activity less than 10,000 disintegrations per

minute over 100 square centimeters of surface area are sent to the burning ground.

4. Contaminated solid wastes having alpha activity less than 7 x 10™2 microcuries per gram are sent

to the Y-12 burial ground.

5. Contaminated wastes known to contain plutonium, thorium or alpha activity greater than 7 x 1072

microcuries per gram are sent to the ORNL burial ground.

V1. Monitoring of the level of radioactivity in the environs of the Y-12 operating and disposal areas is effected

by analysis of samples collected at several points.

A.

Air sampling is accomplished by three sampling statlons located near the center of the Y-12 valley (See
Map A) which operate on a twenty-four-hour-per-day, seven-day-per-week basis. The prevailing winds
of the area usually blow from the uranium processing areas toward these three stations, all of which de-
tect alpha radiation and two of which detect beta radiation, The radioactivity levels of these samples
have consistently been less than one-third of the maximum level suggested for non occupational ex~
posure to airborne uranium by the National Committee on Radiation Protection and Measurement in

NBS Handbook 52.

Water sampling is performed by taking check samples from the East Fork of Poplar Creek and Bear Creek.
(See Maps A and C). The sample from Poplar Creek is a weekly sample constituted by mixing daily
samples; the one from Bear Creek is a weekly spot sample. Both these samples are analyzed for alpha
and beta radiation. The radioactivity levels of these samples have consistently been less than one-tenth
of the maximum level suggested for uranium in drinking water for non occupational exposure by the

National Committee on Radiation Protection and Measurement in NBS Handbook 52.

* Standard Practice Procedure, Union Carbide Nuclear Company, D-2-5, October 24, 1957.




EXHIBIT "B”

Approximately one million pounds of uranium depleted in U-235 is stored at Building 81-22. This

uranium is principally in the form of uranium oxide stored in 30 gallon containers. The recovery

of the contained uranium at this time is not considered economically feasible,




TABLE 1

COST SUMMARY OF Y-12 PLANT WASTE DISPOSAL ACTIVITIES

SOLID WASTE
DISPOSAL
LIQUID Y-12 Burning Ground
WASTE DISPOSAL Y-12 Burial Ground
Pipeline and ORNL Burial Ground WASTE MONITORING
Settling Basins Building 81-22 Storage FACILITIES TOTAL
Total Capital Costs $67,000 $90,000°* $7,000 $164,000
Annual Operating Costs 63,000 40,000 ** 4,000 107,000
Annual Maintenance Costs 4,000 3,000 1,000 8,000
Total Annual Operating and 67,000 43,000 5,000 115,000
Maintenance Costs
Annual Manpower Requirements
Administrative 40 man yr, 1 man yr. .03 man yr. 1.43 man yr.
Technical .05 1 .01 1,06
Operating 4.00 5 25 9.25
Total 4,45 man yr. 7 man yr. .29 man yr. 11.74 man yr.

* This includes $20,000 which represents approximately 40% of the present value of Building 81-22 used for con-
taminated oxide storage and $10,000 for approximately 2000 barrels used as storage containers.

** This includes approximately $1700 for burial at ORNL Burial Ground of approximately 100 loads per year of
radioactive waste from the smelter located in the Y-12 Area and $1000 for transportation of contaminated
oxide to Building 81-22 and handling of this material at Building 81-22.
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To: Mr. D. M, Lang Plant: Y-12

Building K~1005
ORGDP Date: January 26, 1989

Copies To:C, E, Center Subject: Request for Toxicological
. Emlet Information

. Hibbs

. Huber

. Strasser

. Sullivan, Jr., M. D,

J. D. McLendon, Y12RC

B
F
P
. G, Jordan
A
R

Q

;

L Reference is made to a letter from Mr, S. R. Sapirie to Mr. C. E. Center,
“To rev JH January 5, 1959, concerning a request for toxicological information relative
+8-5% 4 1o the period since January 1, 1957,

In the large complex which forms Y-12, an unusual number of highly techni-

cal and unique problems give rise to an equally unusual number of potential

toxicological or radiological hazards. An indication of the scope of the over-

all problem may be found by referring to Wm Facility - Lo

Accident Prevention Audit", issued October 15, 1956. Copy met in PlaxTs odeese SET
FOTL recded | ,qw 'f;r“

Few new problems have arisen since 1956. In the case of radiological '

hazards, no significant change has occurred as of this time. The following

items, which present potential toxicological problems on more than a lab-

oratory basis, have come into use in the last two years.

1. Beryllium Fluorides and Oxides

Beryllium compounds have been processed prior to 1957,
however, the scale of usage has increased considerably
due to establishment of fabrication operations for the
manufacture of reactor components and other classified
items. The hazards associated with the handling and
processing of these materials are in general those of
inhalation and skin exposure (dermatitis). Usual pre-
cautions of containment, ventilation control, and pro-
tective equipment confines the hazard to the local en~-
virons.
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Mr. D. M, Lang -2 - January 26, 1959

2. Epoxy Resins (Amines)
Industrial hygiene problems, inhalation and skin expo-
sure, arise in the chemical preparation and physical
C forming of this material for weapons application, As
in the case of beryllium, the problem is limited to the
local area by appropriate engineering facilities and
protective equipment,

——

3. Polyurethane Foam (Toluene Diisocyanate)

Health hazards by inhalation during chemical prepara=

E - tion of components to finished parts are avoided by the o .
>~ _same-general treatment as-above, TN revsinasy geprnees g 2
e dm e e R
The number of people affected by the above operations would probably be
small in all cases. In no case, short of a major catastrophe (high level
explosion and/or fire), would the general public become involved,

Tt is to be noted that many toxic compounds, organic and inorganic, are
used on a laboratory scale, No effort is made to list such items here.
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